Osteosarcoma is the most common bone cancer and mainly occurs in children and young adults [1] . Although treatment of osteosarcoma has been greatly improved in recent years, the high recurrence and metastasis rates in patients underscore the need to develop new therapeutic and preventive approaches to this disease. Clinical and preclinical evidence suggest that cyclin-dependent kinases (CDKs) play an important role in cancer development and progression through regulating cell cycle progression and DNA transcription [2] . Among them, CDK9 is a transcriptional activator that is involved in promoting the release of paused polymerase II (RNAPII) into transcriptional elongation. CDK9 also phosphorylates RNAPII at the C-terminal domain, facilitates RNAPII-associated transcription, and increases the expression of genes regulating proliferation (e.g., MYC) and apoptosis (e.g., MCL-1). Indeed, CDK9 is frequently dysregulated in human cancers, including hematologic cancer to favor cancer cell growth and proliferation [3] . Zhang and colleagues have recently reported that CDK9 also plays an essential role in maintaining gene silencing at heterochromatic loci, resulting in the suppression of tumor suppressor genes [4] . Given its oncogenic functions in cancer, CDK9 may be as a promising target for developing anticancer therapeutic agents. Several CDK9 inhibitors, such as LDC000067 [5] and MC180295 [4] have been successfully developed and shown promising efficacy in human cancer cells in vitro and in vivo.
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In EBioMedicine, Duan laboratory describes the potential of using CDK9 as a prognostic marker and therapeutic target for osteosarcoma [6] . This group focused on the relationship between CDK9 expression and the clinical prognosis of patients with osteosarcoma. They discovered that CDK9 is overexpressed in osteosarcoma tumor tissues and cell lines and its high expression is associated with the poor survival of patients with this disease. Of note, the CDK9 expression is significantly higher in metastatic osteosarcoma in comparison to the primary tumor. Although previous studies have linked CDK9 to cancer invasion and metastasis [7] , this may be the first time to provide the clinical evidence showing a prominent role of CDK9 in metastatic osteosarcoma.
Further studies confirmed the impact of specific CDK9 inhibition in osteosarcoma cell migration in vitro using a CDK9-specific siRNA and a pharmacological inhibitor LDC000067. Because the pharmacological inhibition of CDK2/9 could suppress triple negative breast cancer cell migration through decreasing the phosphorylation of CDK-mediated Smad3 [8] , Duan group speculated that CDK9 might promote osteosarcoma cell migration via Smad3 phosphorylation, which actually should be attributed to CDK2's activity. CDK9 has also been found to promote tumor growth and metastasis in cervical cancer via AKT2/p53 pathway [9] . Although it is plausible that CDK9/AKT2/p53 pathway may be involved in osteosarcoma metastasis, further investigation on the specific molecular mechanisms is warranted.
Interestingly, CDK9 expression level is negatively associated with the degree of chemotherapy-induced tumor necrosis in patients with osteosarcoma. Patients with higher CDK9 expression exhibited a poor response to chemotherapy, while those with low CDK9 expression showed a good response. Similar results have recently been observed in breast cancer by Schlafstein and colleagues [10] . Given the elegant experimental data, the inhibition of CDK9 could sensitize osteosarcoma cells to chemotherapy and CDK9 inhibitors could be used in combination with existing chemotherapies to open up new therapeutic strategies for osteosarcoma patients.
To demonstrate the therapeutic potential of CDK9 inhibitors in osteosarcoma, Duan group examined the effects of siRNA knockdown and pharmacological inhibition of CDK9 on osteosarcoma cell viability. As anticipated, CDK9 inhibition not only reduced the cell viability but also specifically downregulated the expression of phosphorylated RNAP11 ser2 as well as the anti-apoptotic proteins MCL-1 and BIRC5. Beyond inhibiting cell viability, CDK9 inhibition also significantly induced osteosarcoma cell apoptosis, reduced cell clonogenicity, and decreased spheroid diameter. Another key question from this work is whether the CDK9 inhibitor is effective and safe in animal models. If the safety and efficacy of CDK9 inhibitor can be further demonstrated in more clinically relevant models of osteosarcoma, these results may pave the way of CDK9 inhibitors to clinical applications.
In conclusion, the findings from Duan laboratory demonstrate the potential of using CDK9 as a prognostic marker for osteosarcoma and provide a basis for further development of CDK9 inhibitors for the treatment and prevention of osteosarcoma, especially those with metastatic diseases. Future studies are warranted to demonstrate the role of CDK9 in osteosarcoma metastasis and chemoresistance, to evaluate the in vivo efficacy and safety of CDK9 inhibitors, and to examine the synergistic effects of CDK9 inhibitors in combination with other chemotherapies.
